I mplantable cardioverter-defibrillators (ICDs) have revolutionized the care of patients at risk for sudden cardiac death (SCD). These devices, which detect and treat malignant ventricular arrhythmias, have been used increasingly both because of improvements in ICD technology and randomized, controlled trials (RCTs), demonstrating their mortality Background-Implantable cardioverter-defibrillators (ICDs) are increasingly used for primary prevention after randomized, controlled trials demonstrating that they reduce the risk of death in patients with left ventricular systolic dysfunction. The extent to which the clinical characteristics and long-term outcomes of unselected, community-based patients with left ventricular systolic dysfunction undergoing primary prevention ICD implantation in a real-world setting compare with those enrolled in the randomized, controlled trials is not well characterized. This study is being conducted to address these questions. Methods and Results-The study cohort includes consecutive patients undergoing primary prevention ICD placement between January 1, 2006 and December 31, 2009 in 7 health plans. Baseline clinical characteristics were acquired from the National Cardiovascular Data Registry ICD Registry. Longitudinal data collection is underway, and will include hospitalization, mortality, and resource use from standardized health plan data archives. Data regarding ICD therapies will be obtained through chart abstraction and adjudicated by a panel of experts in device therapy. Compared with the populations of primary prevention ICD therapy randomized, controlled trials, the cohort (n=2621) is on average significantly older (by 2.5-6.5 years), more often female, more often from racial and ethnic minority groups, and has a higher burden of coexisting conditions. The cohort is similar, however, to a national population undergoing primary prevention ICD placement. Conclusions-Patients undergoing primary prevention ICD implantation in this study differ from those enrolled in the randomized, controlled trials that established the efficacy of ICDs. Understanding a broad range of health outcomes, including ICD therapies, will provide patients, clinicians, and policy makers with contemporary data to inform decisionmaking. (Circ Cardiovasc Qual Outcomes. 2012;5:e78-e85.)
benefit in selected populations. [1] [2] [3] [4] Because ICD therapy carries risks and is costly, the use and outcomes associated with this therapy outside selected trial populations and specialized treatment centers have been an increasing focus of interest by patients, clinicians, and policy-makers.
Individuals with left ventricular systolic dysfunction (LVSD) are at substantially higher risk for SCD than the general population, making them one of the largest target populations for consideration of primary prevention ICD therapy. In the last decade, several RCTs have been published, resulting in expanded indications for the use of ICDs to many patients with LVSD. [1] [2] [3] [4] With the publication of Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT), which demonstrated improved survival with ICD therapy in patients with both ischemic and nonischemic cardiomyopathy, 4 the Centers for Medicare and Medicaid Services (CMS) expanded its financial coverage for primary prevention ICDs for its beneficiaries. 5 Guideline recommendations for considering ICD therapy after the publication of SCD-HeFT also expanded to include most patients with LVSD. 6, 7 Currently, the combined number of intervention subjects from the key primary prevention RCTs 3, 4 is exceeded substantially by the number of new primary prevention ICD implants in the United States each month. 8 ICDs are also associated with important risks. ICD implantation can result in procedural complications, which may occur with different frequency in practice than in existing clinical trials. 9 ICDs are efficacious because of their ability to detect and appropriately treat life-threatening ventricular arrhythmias with antitachycardia pacing (ATP) and high-energy shocks. However, not all patients with ICDs receive device therapies on long-term follow-up, 10 and conversely, ICDs can deliver therapies for inappropriate reasons, particularly supraventricular tachyarrhythmias or ICD malfunction. 11, 12 ICD therapies, particularly inappropriate shocks, may be associated with adverse patient health outcomes and higher costs of care. 13, 14 The expanding use of ICDs underscores the importance of understanding the characteristics of patients receiving ICDs outside the context of RCTs. Patients studied in RCTs often differ substantially from those receiving therapy in clinical practice. 15 These differences may modify the effectiveness and safety of ICDs in real-world patient populations with respect to a broad range of outcomes, including mortality, hospitalization, complications, and therapies delivered by the ICD.
The Longitudinal Study of ICDs (LSICD) is designed to investigate a broad range of outcomes, including device therapies, in a contemporary cohort of patients with LVSD receiving ICDs for the primary prevention of SCD in clinical practice. The purpose of the study is to inform clinical and policy decisions on the use of ICD therapy for primary prevention of SCD in patients with LVSD. The objective of this paper is to describe the methods of this mul ticenter, observational study and compare the enrolled cohort with the participants in published RCTs and with a national observational cohort.
Methods

Setting
The study is being conducted by 7 health plans of the Health Maintenance Organization Research Network, a partnership of 16 research programs within health care systems with large defined health plan populations. 16 The study sites are also members of the National Heart, Lung and Blood Institute-sponsored Cardiovascular Research Network (CVRN) collaborative within the Health Maintenance Organization Research Network. The CVRN has established a robust research framework to address a broad spectrum of important issues in large, community-based populations, including evaluation of the adoption and clinical impact of new diagnostic and therapeutic technologies. 17 Institutional review boards at participating sites approved the study. Waiver of informed consent was obtained because of the nature of the study. Drs Masoudi and Greenlee had access to all data and affirm its accuracy.
Study Population
We assembled a retrospective cohort of subjects (n=2621) with LVSD receiving a first-time ICD implant between January 1, 2006 and December 31, 2009 for primary prevention of SCD at 1 of 14 hospitals owned by or affiliated with the 7 participating health care systems (online-only Data Supplement Appendix A). All eligible subjects will have follow-up information available on clinical outcomes, device therapies, and health care use. Device therapy data will be collected for a maximum of 3 years after ICD implantation. Because of the planned study end date, some subjects with devices placed in 2009 will be followed for only 2 years. Member retention in the CVRN is generally high. 17 In a preliminary analysis based on health plan membership data, only 8% of subjects who were health plan members at the time of their ICD implant have disenrolled in 2010. Eligibility criteria are broad to maximize generalizability of study findings. Study subjects meet all of the following: (1) ICD indication of primary prevention;
(2) no prior ICD; (3) LVSD, defined as a left ventricular ejection fraction of <50%; and (4) membership in one of the participating health plans at the time of study entry or other evidence that the subject was to receive ICD follow-up care through participating health systems. Consecutive eligible subjects from the participating sites are included in the study.
Study Funding and Governance
The LSICD represents an expansion of a 4-site CVRN study funded by National Heart, Lung and Blood Institute that was designed to include >1 year of subject follow-up for mortality and hospitalization events. The study was expanded with additional support from the Agency for Healthcare Research and Quality and from the American College of Cardiology Foundation, allowing for the inclusion of 3 additional sites, the collection of ICD therapy data, and extended subject follow-up. The expanded LSICD has a stakeholder committee that includes representatives from the 3 funders as well as representatives from CMS, the Sudden Arrhythmic Death Syndromes Foundation, the Heart Rhythm Society, and a representative from an ICD manufacturer (St. Jude).
Study Aims
The LSICD has 4 primary aims:
• To identify the extent to which cohort members meet contemporary RCT-based guideline recommended eligibility criteria, and determine the degree to which this varies across demographic groups.
• To assess longitudinal outcomes (ICD-related complications;
all-cause mortality; all-cause and heart failure hospitalization; and cost) among the cohort of primary prevention ICD patients with LVSD and compare these outcomes with published RCTs.
• To identify the patient, device, and provider characteristics associated with these outcomes.
• To assess the rates of device therapies (overall, appropriate, and inappropriate) during the first 3 years after implantation for patients in the following CMS Group B subpopulations. 8 These subgroups were identified by a technical expert panel commissioned by CMS as those of particular clinical interest, and include: 
Data Sources
Three primary data sources are being used for this study.
National Cardiovascular Data Registry
The National Cardiovascular Data Registry (NCDR) ICD Registry provides baseline characteristics for study subjects (online-only Data Supplement Appendix B). The registry was formed in 2005 in response to the coverage with evidence requirement from the CMS, with data collection beginning in 2006. Data of interest from the NCDR-ICD Registry for this study include ICD eligibility and other clinical criteria, device and provider detail, and adverse events during the index implant hospitalization.
Virtual Data Warehouse
Member sites have mapped and transformed elements from their unique clinical and administrative systems into a distributed data resource with standard variable definitions, referred to as the Virtual Data Warehouse (VDW). 17, 18 This common file structure allows a single programmer to write code for distribution to all participating locations for study data extraction with minimal site-specific code adjustment. The present study includes VDW data beginning in 2003 to capture up to 3 years of medical history and comorbidity information before ICD device implantation and through 2011 for follow-up after ICD placement. Six primary VDW content areas were selected for the LSICD, including enrollment, demographics, use, pharmacy, laboratory test results, and mortality (online-only Data Supplement Appendix C). Evaluation of the agreement between the values of variables collected in both the NCDR-ICD Registry and participating health plan VDW tables indicate that discrepancies are uncommon and agreement is high. For example, the sex value was in agreement 99.4% of the time when present in both locations (κ 0.985). Similarly, the mean age at implant was virtually identical (Pearson Correlation Coefficient 0.982). In cases where year of birth or sex were discrepant, data investigations were undertaken at the study sites to update study files with correct information. Agreement was slightly lower but still excellent between VDW and NCDR sources for 6-category race values (Weighted κ 0.873) and Hispanic ethnicity (κ 0.782). In cases of discrepancies, the study has deferred to the NCDR data values. The Pearson correlation coefficients for common laboratory tests, including creatinine, sodium, blood urea nitrogen, and b-type natriuretic peptide, between the NCDR and VDW ranged from 0.77 to 0.97.
ICD Therapy Data
The study will also include data on adjudicated arrhythmia episodes resulting in device therapies (ie, shocks and ATP) delivered during the first 3 years after device placement for each subject (online-only Data Supplement Appendix D). The process to develop this repository includes manual medical record abstraction at the study sites with central clinical review and adjudication of source documentation. For each treated arrhythmic episode, a copy of the archived device report with intracardiac electrograms, and any relevant clinical notes, including the local provider interpretation, are requested. Additionally, copies of the surgical implant notes and documentation from the last device interrogation for the follow-up period are requested for all subjects (online-only Data Supplement Appendix E).
After central collation of abstraction records and supporting documentation, a study manager and the study's ICD nurse conduct a completeness/quality review for each subject, and document the local provider interpretations of any potential treated episodes. Records and supporting documentation are then provided to the Central Review panel, which consists of 3 board-certified electrophysiologists and 1 hospitalist physician with expertise in interpreting ICD device reports and clinical records. The Central Review panel confirms or refutes the occurrence of treated episodes, determines the initial type of therapy (ATP or shock), determines whether the episode required multiple therapies, and adjudicates the appropriateness of therapy using standardized criteria. Reviewers also note the extent of source documentation available for each episode. All reviews are based on standard procedures and definitions included in the Review Glossary developed through extensive discussion of central and external panel members using literature-based guidance (online-only Data Supplement Appendix F). Each record is reviewed independently by 2 of the 4 panelists, with an attempt to resolve any discrepancies via reviewer conference or arbitration as needed.
A separate group of 3 expert electrophysiologists provides external adjudication of treated arrhythmic episodes. Selection of treated episodes for external adjudication includes any with discrepancies that could not be resolved by the Central Review panel, and for quality assurance, random samples of records with resolved discrepancies and of records without any discrepancies. Central Review panel members also can nominate any treated episode for external adjudication.
Although the planned length of follow-up is 3 years, abstraction of device therapy data is to be truncated before 3 years of follow-up after reaching the subject's 10th treated arrhythmic episode, provided those 10 episodes include >1 appropriate and 1 inappropriate therapy. Otherwise, abstraction of device therapy will be continued for the full follow-up period. A maximum of 3 episodes are to be collected and counted from any 24-hour period, to limit the potential burden of data generated by VT storm, which is not the primary focus of this research.
Data Management
All study data will be compiled for analysis at the study-coordinating center (Kaiser Permanente Colorado Institute for Health Research). After necessary amendments to hospital registry agreements with the American College of Cardiology Foundation (ie, Data Release Consent Forms), NCDR-ICD data from 14 cooperating hospitals in the 7 study sites were transmitted to the corresponding study site investigators to match to health plan membership and assign unique study IDs. Data Use Agreements were also obtained between study sites and Kaiser Permanente Colorado; subsequently, NCDR-ICD data for all matched subjects were transmitted from the American College of Cardiology Foundation to the study-coordinating center. For VDW data, analytic programs were composed at the study-coordinating center and distributed to study site programmers.
Therapy data collection and adjudication are being coordinated by Marshfield Clinic Research Foundation, which has data use agreements with all other study sites for this purpose. Training has been provided to site abstractors through in-person meetings, Web seminars, regular abstractor team conference calls, and ongoing one-on-one communication with the therapy collection coordinator. A central program has been distributed to sites to periodically generate batches of subjects for abstraction based on date of implant and vital status. A Microsoft Access (Redmond, WA) database has been developed to track initial receipt of therapy abstraction records, and to monitor progress through intake review, central clinical review and resolution, and the external adjudication processes (online-only Data Supplement Appendix G). The data captured on abstraction and review forms are entered into the database with quality assurance monitoring. Once complete, final therapy data will be forwarded from Marshfield Clinic Research Foundation to the study-coordinating center at Kaiser Permanente Colorado to be combined with NCDR-ICD and VDW data for each subject.
Study Timeline
A cohort of 2621 subjects has currently been assembled. A pilot study of abstraction and review procedures was conducted in the summer and fall of 2010, with final procedure modifications completed in early 2011. For the pilot, each site submitted therapy data on <6 subjects, half with ≥1 treated arrhythmic episodes. A brief summary of therapy collection pilot results for the 43 subjects and their 493 interrogations, and 162 treated episodes can be found in online-only Data Supplement Appendix H. Therapy collection continued into the summer of 2012, with final review and adjudication of records in the fall of 2012. Clinical outcomes will be analyzed beginning in 2012. Final data merger and analyses involving therapy data will occur in early 2013. A list of study team members at all sites is included in onlineonly Data Supplement Appendix J.
Statistical Analysis
The demographic and clinical characteristics of the population of the LSICD were compared with 2 primary categories of patients from the published literature. First, we compared our sample with the published data characterizing the populations who underwent ICD placement from Multicenter Autonomic Defibrillator Implantation Trial (MADIT)-II and SCD-HeFT, the RCTs that largely form the basis of current guideline recommendations for primary prevention ICD therapy (Table 1) . 3, 4 Second, a national population of patients undergoing primary prevention ICD placement in 2006 and 2007 from the NCDR-ICD Registry was also examined. 19 This allowed for a comparison with a larger community-based population of patients receiving ICD therapy for similar indications. Continuous variables (reported as means with SDs) were compared across groups using Student t tests; categorical variables were compared using χ 2 tests.
All analyses were performed using SAS statistical software, version 9.1.3 (Cary, NC). A 2-sided P value <0.05 was considered statistically significant.
Results
Study Cohort
During the enrollment period (January 2006 to December 2009) in the 7 health plans, 3254 patients underwent primary prevention ICD placement. Of these, 520 were excluded because they were undergoing device revision or replacement. Of the remainder undergoing first-time ICD placement for primary prevention, 98 had normal LVEF and 15 had no documented LVEF assessment; these patients were also excluded. Thus, the study cohort comprised 2621 patients with LVSD undergoing first-time ICD implantation for the primary prevention of SCD.
CVRN LSICD Cohort Compared With Primary Prevention RCTs
The characteristics of the study cohort and those of the MADIT-II (n=742) and SCD-HeFT (n=849) trials are shown in Table 2 . The mean age of the cohort was 66.7 ± 11.7 years, which was higher than that of the populations from the RCTs, ranging from almost 7 years higher than the mean age of the SCD-HeFT population to nearly 3 years higher than the average age of the population of MADIT-II. One quarter of the population was female, significantly higher than that of MADIT-II, but similar to that of SCD-HeFT. Almost one third of the population was non-white, compared with 23% in SCD-HeFT; information on race was not reported in MADIT-II.
With respect to clinical characteristics, left ventricular systolic function was clinically similar (25 ± 6.9%) in the cohort compared with the patient populations enrolled in the RCTs (MADIT-II 23 ± 5%; SCD-HeFT 23.5 ± 7%). The majority of the cohort had symptoms of New York Heart Association class II or III (86.3%), a proportion that was significantly higher than the populations of the MADIT-II trial but lower than the SCD-HeFT population. In general, the proportion of patients in the cohort with comorbid conditions, including diabetes mellitus, hypertension, and atrial fibrillation/flutter was significantly higher than in the RCTs. Comparisons of medication use were limited by the availability of reported data in the RCTs; however, patients in the cohort were significantly more likely to receive β blockers and statins than the populations of the RCTs and significantly less likely to receive digoxin than the populations in the RCTs.
LSICD Cohort Compared With a National Primary Prevention Cohort
In general, the cohort was similar to the national cohort of patients undergoing primary prevention ICD placement during 2006 to 2007 from NCDR (Table 3 ). However, the cohort was on average 1 year younger and a larger proportion of cohort members were non-white. The prevalence of comorbidities were similar, and rates of medication therapy at discharge after device placement were also similar, with the exception of statins, which were more frequently prescribed in the study cohort than in the national cohort.
Discussion
LSICD is designed to assess a broad range of patient outcomes, including ICD therapies, in a contemporary community population of patients receiving an ICD for the primary prevention of SCD. This cohort differs substantially from participants enrolled in the RCTs that form the basis of current guideline recommendations for primary prevention ICD implantation in that the cohort was older, had a higher proportion of women and non-white patients, and had a significantly higher burden of comorbid illnesses. The cohort is similar to a national cohort of patients undergoing primary prevention ICD placement, suggesting that the patient population of this study is typical of patient populations seen in a broad range of community practices in the United States. Thus, this study ‡Randomized comparison of ICD therapy with medical therapy. §Randomized comparison of ICD therapy with medical therapy or medical therapy plus amiodarone.
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will be able to provide valuable insights into the frequency and determinants of outcomes of patients receiving primary prevention ICD therapy. Although studies of patients receiving ICDs in community practice exist, they have a variety of relevant limitations. Reports of national populations of patients using Medicare billing data have the advantage of substantial sample size. However, they are restricted to older patients with Medicare coverage and lack the ability to identify important clinical characteristics of the patient population. 20 National registry data, however, include a broader range of patients with respect to age, clinical characteristics, and insurance coverage. However, the NCDR-ICD Registry itself only captures data from the episode of care when the ICD was implanted, and thus must be linked to external sources of longitudinal data to assess outcomes after hospital discharge. Other observational studies of ICD therapy have attempted to examine longitudinal mortality in ICD recipients, but have been restricted to modest-sized samples with limited representativeness. 21 The Advancements in ICD Therapy Registry included mortality data for 4556 patients undergoing first-time ICD placement in 264 centers. However, enrollment in this registry was performed during 2004 to 2006 (ie, around the time of the publication of SCD-HeFT, which had important implications for subsequent guidelines); did not focus on primary prevention ICDs; and only included patients who received defibrillators from a single manufacturer. 22 LSICD comprises a large, contemporary population of consecutive patients receiving ICD therapy in 7 large health systems regardless of device manufacturer; includes detailed clinical data; and will follow patients longitudinally for a broad range of outcomes, including mortality, hospitalizations, ICD-related complications, and ICD therapies.
Although previous studies have elucidated the differences between patients enrolled in clinical trials and those treated in general practice for several cardiovascular conditions, few have directly explored these differences in patients receiving ICD therapy. It is well known, for instance, that only a minority of elderly patients hospitalized for heart failure would meet the enrollment criteria for landmark RCTs of heart failure pharmacotherapy. 15 Furthermore, in general, elderly patients remain excluded from many cardiovascular trials. 23 These observations emphasize the importance of studying representative cohorts of patients receiving therapies in realworld clinical settings to further inform our understanding of outcomes after the implementation of guideline-based recommendations for care.
Because ICDs reduce mortality by preventing SCD, their impact on health outcomes may be attenuated in the face of competing risks, such as those conferred by coexisting illnesses. 24 In this community-based cohort of patients undergoing ICD placement, the burden of coexisting illnesses-both cardiovascular and noncardiovascular-was significantly higher than in the patient populations enrolled in the RCTs that form the basis of current guideline recommendations. Although the comorbidity burden in community populations has been characterized in populations with heart failure, 25 and has to some extent been described using administrative data for populations receiving ICDs, 20 it has not been well studied using clinical data in representative cohorts of patients undergoing ICD implantation in typical clinical practice settings.
To the extent that evidence-based medical therapies for heart failure may also modify a patient's risk for SCD, differences in the use of various therapies in this study cohort compared with the patients enrolled in published RCTs may also have implications for studying short-and long-term outcomes in community practice. Heart failure pharmacotherapy has evolved substantially during the past decade; recent guidelines recommend angiotensis-converting enzyme inhibitors (or angiotensin receptor blockers) and β-blockers for all patients with LVSD and without contraindications regardless of symptoms. 6, 7 Optimal medical therapy for LVSD has evolved since the conduct of the RCTs of ICDs for primary prevention, however, particularly with respect to β-blockers and aldosterone antagonists. Observational studies suggest important gaps in evidence-based therapy in patients undergoing ICD placement. 26 The rates of evidence-based medical treatment for LVSD are significantly higher in this cohort than in the landmark RCTs when comparing therapy at the time of ICD implantation. These differences may influence the risks for adverse outcomes in contemporary cohorts of patients receiving ICDs compared with those reported in the published RCTs.
Certain issues should be considered in the interpretation of the results of this study. First, this cohort includes only patients with health insurance, which may reduce generalizability of results for patients with limited access to care. However, member sites in the study include a variety of health finance models, and provide care through commercial as well as government insurance, including Medicaid, Medicaremanaged care, and supplemental policies for subjects with fee for service Medicare. Accordingly, the cohort has notable diversity across age, sex, racial/ethnic, and socioeconomic groups. 17 Furthermore, it is reassuring that the study cohort was similar to the larger national population of patients included in the NCDR-ICD Registry. Second, because the study includes only patients receiving ICD therapy, it will not be possible to make comparisons with patients who were otherwise eligible but did not receive an ICD. However, we will identify rates and outcomes in ICD recipients and evaluate them within the context of those reported in the RCTs, which are currently the principal source of evidence that informs contemporary treatment guidelines. Finally, we are not, at this point, able to identify with precision patients with coexisting conditions who would motivate ICD implantation but who were typically excluded from the RCTs (eg, long-QT syndrome). However, including such patients, who are likely to be younger and with fewer comorbidities than patients without these conditions, would typically attenuate the differences between our study population and those of the RCTs. Ultimately, these conditions will be identified during the therapy adjudication phase of the study, and will be analyzed as a subset of the entire population in the outcomes analyses.
With respect to the ICD therapy data that are currently being collected, subjects in the study will have received a variety of different ICD devices with different features and technology, without guidance from the study regarding device programming or settings. Thus, the study is evaluating ICD clinical care as determined for each patient by the providers involved in the case. The real-world nature of the project also introduces variability based on how the clinical sites and different device manufacturer systems archive relevant interrogation data. On the basis of pilot abstraction work for this study, we expect that electrograms and other interrogation detail will be missing for a portion of treated arrhythmic episodes, precluding centralized adjudication in those instances and increasing reliance on local provider interpretations as documented in the clinical notes. To explore the potential impact of this limitation, and to support informed sensitivity analysis of our results, the study plans an evaluation of the agreement level between local provider interpretation and centralized adjudication results when both elements are available. Also, the assessment of initial type of therapy (ATP versus shock) will be limited by the inability to definitively exclude ATP during device charge if such information was not explicitly documented in the archived medical records.
